Introduction
Ureteropelvic junction obstruction (UPJO) is a common anomaly of the genitourinary tract, and laparoscopic pyeloplasty is a standard approach for patients because its long-term outcome is equivalent to open approach. Furthermore, robot-assisted laparoscopic pyeloplasty has been accepted as the standard approach by urologic surgeons because of its superiority over conventional laparoscopy in terms of the fine procedure.
A duplex kidney system is an also relatively common anomaly as well as UPJO. The prevalence of the anomaly was reported at 0.8% in the general population. However, obstruction at the level of the UPJ in duplex kidneys is rarely seen, with an incidence was 2-7% in all duplex cases.
The use of robotic assistance in urologic laparoscopic surgery has expanded exponentially in recent years, given the unique features provided by the robotic platform, especially for reconstructive procedures where extensive dissection and suturing is necessary.
Here, we describe our experience of performing robot-assisted laparoscopic pyeloplasty in a patient presented with repeated urinary tract infections (UTI) due to UPJO with a duplex system.
Case presentation
A 21-year-old woman presented with repeated UTIs, at least three times, during the course of 1 year. Ultrasonography and computed tomography (CT) scan revealed hydronephrosis of the left kidney. Retrograde pyelography showed a left partial duplex system with the upper calyx as the upper moiety and the mid/lower calyx as the lower moiety. An UPJO was confirmed in the ureter as having originated from the extensive dilated lower moiety of the two systems (Fig. 1) . Because of this complex anomaly, we planed a robot-assisted laparoscopic pyeloplasty after approval by the institutional review board.
The port placement was similar to standard robot-assisted laparoscopic pyeloplasty with ports for a camera, two robotic arms and an additional 10 mm port for assistance (Fig. 2) . The Toldt line was incised, and the descending colon was mobilized. The Gerota's fascia was incised longitudinally, and the psoas muscle was identified. The ureter was identified by peristaltic movements and traced back to the UPJ of the lower collecting system with some adhesions to the surrounding fibrofatty tissue, which could be caused by repeated UTIs. The renal pelvis was dissected free, and the duplex system was identified ( Fig. 3-A) . The pelvis of the lower moiety was dilated extensively with a narrow segment at the UPJ. The UPJ of the lower moiety was incised and extended beyond into the renal pelvis ( Fig. 3-B) . The narrowed UPJ segment of the lower moiety was divided, and the common ureter was spatulated ( Fig. 3-C) . End to side pyeloureterostomy was performed with using 5-0 monocryl sutures in a running fashion (Fig. 3-D) . A double-J stent (DJS) was introduced across the anastomosis into both the bladder and lower moiety ( Fig. 3-E) . The total operative time was 277 minutes, with 17mL of blood loss. The postoperative course was uneventful and the patient was discharged on postoperative day 7. The DJS was removed at 6 weeks after the operation. Throughout the postoperative follow-up period, the patient has been UTI-free. MAG3 scintigraphy showed 47% split kidney function in the left kidney with preserved kidney function.
Discussion
In dealing with this rare anomaly, we paid special attention to following two major points. First, dissection at the dilated pelvis should be minimal because it may damage the vascularity of the ureter at the junction. Second, anastomosis of the pelvis to the one single ureter could risk the development of stricture, which could injure both moieties.
First, to reduce both of these risks, careful radiological evaluation of the obstructed duplex system is essential. CT urography is a standard evaluation for anatomical and diagnostic purpose. The kidney function in an affected kidney are often insufficient, and delayed urography with diuretics is recommended to visualize a narrow portion. Diuretic renal scintigraphy provides information on the renal function, degree of obstruction, and confirmation of reconstructive success after surgery. Cystoscopy and retrograde pyelography are recommended to exclude obstructions at other locations and to clarify the anatomy in duplex system. The management should follow similar guidelines as for a single system UPJO to improve drainage with widely patent dependent anastomosis. The length of the ureter between the UPJ and junction of the lower and upper pole of the ureter are major determinant in an incomplete duplex system with obstruction. If enough ureteral length is available, a standard dismembered pyeloplasty should be considered. For patients with a short ureteral length, pyeloureterostomy between the dilated and nondilated collecting systems is a feasible option in terms of good drainage of both portions of the upper collecting system. In the patient described here, we performed end-to-side pyeloureterostomy because of the short lower pole length of the ureter.
However, special attention is needed to preserve the vascularity of the upper moiety of the ureter and to avoid stenosis in the upper moiety system. This makes a laparoscopic intervention in duplex systems technically challenging and requires expertise for meticulous intracorporeal suturing although laparoscopic pyeloplasty for this complicated situation has been reported from some institute and reviewed. As mentioned above, several types of surgical intervention should be considered for reconstruction, depending on the severity and site of stenosis. In fact, the re-operative rate might be >6%, which is not low, as reported in conventional laparoscopic pyeloplasty. 1 A robotic platform would allow for fine and careful dissection and suturing. Robot-assisted laparoscopic reconstruction for UPJO has been standard procedure because it makes long anastomoses easier than the conventional laparoscopic procedure. Although only three cases of robotic pyeloplasty for UPJO with a duplex system have been reported, [2] [3] [4] this only indicate its rarity and not its difficulty. Robotic assistance is useful in such complex disease because of its dexterity, better visualization, and faster and precise fine intracorporeal procedure. The present case showed the usefulness and feasibility of robotic assistance in managing such complex urogenital anomalies.
Conclusions
UPJO with a duplex system is a rare entity and technically challenging for reconstruction. Robot-assisted laparoscopic pyeloplasty in a duplex system is a safe and feasible option.
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No competing financial interest exist for Kazuyuki Numakura, Yumina Muto, Mitsuru Saito, Shintaro Narita, Takamitsu Inoue, or Tomonori Habuchi. Fig. 3 . View of robot-assisted laparoscopic pyeloureterostomy in the patient. Narrow segment (arrow) in the ureteropelvic junction (UPJ) obstruction of the lower moiety is confirmed (A). The narrowed UPJ segment of the lower moiety is divided (B). The common ureter is spatulated beyond the UPJ (C). End-to-side pyeloureterotomy is performed using a 5-0 absorbable suture in a running fashion (D). Double J stent is inserted in the lower moiety (E).
